In the grand-unified models based on SU(15) and SU(16) in which the quarks and leptons are un-unified at the intermediate stages, we show that BR (K L → µe) ≤ 10 −14 and BR (K + → π + µe) ≤ 10 −14 despite the presence of leptoquark gauge bosons. Thus, the observation of these processes in the ongoing or upcoming experiments will rule out the models.
Experiments to observe the processes K L → µ ± e ∓ and K + → π + µ ± e ∓ are underway at Brookhaven [1] . When completed, they will probe a branching ratio as small as 10 −12 for each process. If the processes are not seen at that level, it will mean bad news to a lot of theoretical models beyond the standard model. Here, on the contrary, we point out a class of grand-unified models which will definitely be ruled out if the processes are observed -not only by the Brookhaven experiment, but with any branching ratio larger than about 10 −14 . We have in mind the grand unified models based on SU(15) [2, 3] and SU(16) [4] , which have baryon number as part of its gauge symmetry. 1 In the recent literature, there has been a lot of discussion [2, 3, 5, 6, 7] that such models can have some chains of symmetry breaking where renormalization group analysis yields very low unification scale, as low as 10 8 GeV, without any conflict with the known bounds on proton lifetime [8, 6, 7] . It has also the pleasant feature that the monopole problem vanishes in such models with low unification scales [9] .
Before proceeding, let us discuss why grand unification models based on these groups deserve attention. The gauge groups for these models are not just any group to play with. SU(15) is the maximal group for unification for all known fermions in a single generation, just as SU (16) is if a right handed neutrino is needed to make the fermion spectrum left-right symmetric [4] . Just as the minimal grand unification group SU(5) is interesting for its special status, so are these groups. Secondly, in all known physics, the fermions transform as fundamental representations of the non-abelian gauge groups. Quarks transform as the fundamental representation of the color group SU(3), left-handed fermions are fundamental representations of the electroweak SU (2) . Thus, it is intriguing to check the idea that all fermions transform like the fundamental representation of the grand unified gauge group. Lastly, baryon number and lepton number are known symmetries of low energy physics. It is interesting to entertain the possibility that these are gauge symmetries at high energy.
We now begin our argument by briefly describing the SU(15) model. All known left-chiral fermions of a single generation transform like the fundamental representation of this group:
The hats denote antiparticles, and r, b, y are three colors. The same pattern is repeated for other generations. Mirror fermions are needed to cancel the anomalies. In SU(16), the only difference is a left-handed antineutrino field which has to be included in Ψ L to make it a 16-plet, but this will not affect our argument. The interesting chains of symmetry breaking start with the following pattern:
where G 0 is the grand unified group, and
The process K L → µ − e + mediated by gauge bosons.
Here, the subscript q means that only quarks and antiquarks transform non-trivially under that part of the gauge group, and the subscript ℓ means the same thing with leptons and antileptons. This is the crucial element of the models we want to discuss, which means that although the interactions of quarks and leptons are unified at the grand-unified level, they are not so after the first stage of symmetry breaking. However, in the course of further symmetry breaking, we finally get to a stage where quarks and leptons transform under the same SU(2) L and the same U(1) Y , that is to say that we must get down to the standard model. But at higher energies, the quarks and leptons may be un-unified, a possibility which has been discussed by various authors [10] even outside the context of grand-unified models.
There are gauge bosons in G 0 which can change any entry of Ψ L into any other. Thus, there will be tree-level diagrams, mediated by gauge boson exchange, which contributes to the process K L → µ − e + . One example is shown in Fig. 1 , which is the process µ 
where the last form is obtained by applying Fierz transformation and then using the identity e
Similarly, there is another diagram which, at the fundamental level, induces the process e 
Adding the two and using definition of the kaon decay constant f K , we obtain a transition operator for K 0 → µ − e + . Similarly, one can determine the operator for Figure 2 : Contribution to K 0 -K 0 from gauge boson exchange at the tree level.
Taking the superposition, we finally obtain the matrix element for the transition
This gives a decay rate
where the subscript G reminds us that it is the contribution from gauge boson exchange. The only unknown parameter in this expression is M G . In general, if K L → µe is mediated by leptoquark gauge bosons, the mass of these gauge bosons are not constrained by phenomenological arguments, so that the branching ratio can be large. However, we now show that in the class of models we are considering, M G has a lower bound, which implies an upper bound on the decay rate given above. To see this, we consider the diagram of Fig. 2 , which gives a tree-level contribution to the K 0 -K 0 amplitude [5] . Note that the gauge bosons present in this diagram are those contained in the SU(12) q subgroup shown in Eq (3), and therefore their masses, M B , must be less than or equal to M G . Then, Fig. 2 gives
where a and b are summed color indices. We now define the matrix element
where B is a parameter estimated later. The contribution of the operator in Eq (8) to the K L -K S mass difference is given by
Since the standard model contribution gives roughly the right magnitude and right sign for the experimentally measured value of ∆m K = 3.5 × 10 −15 GeV, we can say that the magnitude of the contribution from Eq (10) is less than the experimental value. Putting the vacuum insertion estimate [11] B = 2.6, we thus predict
using f K = 114 MeV and m K = 494 MeV. This puts a lower bound on the K L → µe decay rate since, as mentioned earlier, M G ≥ M B . Thus, we can use Eq (7) to write
Using Eq (11) and Γ(K L → all) = 1.3 × 10 −17 GeV, we obtain
It is of course true that because of renormalization effects, the gauge coupling constants appearing in Eqs (7) and (10) need not be the same, but the correction cannot be large enough to bring the branching ratio above 10 −12 , which is the limit sought for in the experiment. Notice that the result only depends on the fact that the unified group breaks in a single step to G 1 given by Eq (3), and is independent of any subsequent symmetry breaking.
It is possible to derive similar conclusions regarding the decay of charged kaons which violate muon number. Consider the process K + → π + µ − e + , for example. At the quark level, the operators responsible for this process are those given in Eqs (4) and (5) . Taking the hadronic matrix elements and adding up the two contributions, we obtain
where k and p are the kaon and pion momenta, and the form factors f ± are functions of (k −p) 2 , known from K e3 and K µ3 decays: f + (q 2 ) = 1+0.032q 2 /m 2 π and f − = −0.322. Neglecting the masses of the decay particles, this gives a decay rate
where f 2 + is an energy-averaged value of f 2 + . Replacing this average by the maximum possible value of f 2 + , which is 1.44, and using M G ≥ M B , we can use Eq (11) to find an upper limit on the rate in Eq (15). Using Γ(K + → all) = 5.3 × 10 −17 GeV, we obtain
which is once again much smaller than the value sought for in the experiment. Thus, observation of either K L → µe or K + → π + µ − e + will be a death-knell to these wide class of models.
One may wonder whether the powerful results given above are marred by Higgs boson exchange. We show that they are not. For this, consider Higgs bosons replacing gauge bosons in Fig. 1 (with the associated changes in chirality on fermion lines). A straightforward comparison of this diagram with the gauge boson mediated diagram of Fig. 1 shows that
where h 1 and h 2 are Yukawa couplings pertaining to the first and the second generations, whose values should be around 10 −4 and 10 −3 respectively if we ignore fermion mixing. Using Eq (13), we thus see that the Higgs mediated contribution can give a branching ratio larger than 10
However, these are colored Higgs bosons we are talking about, whose masses should be of order the unification mass. Thus, we conclude that the contribution from these colored Higgs bosons are negligible. The same result applies for charged kaon decays into πµe.
Next, we consider the possibility of exchange of flavor-changing neutral Higgs (FCNH) bosons, which may have couplings likedsH andμeH, and therefore can mediate flavor changing processes. However, the important point to realize is that there is no such Higgs boson in the model. The reason is that the only Higgs bosons which couple to the fermions are the ones which transform like a rank-2 tensor representation of the gauge group. Thus, let us consider the case when the model contains a Higgs boson multiplet S {ij} , where the curly bracket denotes symmetric indices. In this case, the masses of the up-type quarks are derived only from the vacuum expectation value (VEV) of the components S {uû} , which means the color singlet combination of the components whose one index has the same quantum number of u and the other ofû. Similarly, the down-type quarks obtain masses only from the VEV of S {dd} , and the charged lepton from S {e − e + } . In the minimal model, there is one VEV of each kind, and so the model is free from FCNH interactions 2 [12] . Thus, the bounds given in Eqs (13) and (16) are not disturbed.
In summary, we have shown that the branching ratio for K L → µ − e + and K + → π + µ − e + cannot be larger than 10 −14 in a large class of models. This result is obtained despite the presence of leptoquark gauge bosons in the model. The reason is that, there are diquark gauge bosons which are lighter than the leptoquarks, and their mass is constrained from the K L -K S mass difference. The same comments applies for the charge-conjugate modes K L → µ + e − and K + → π + µ + e − . Observation of these modes in the ongoing or upcoming experiments should then rule out these models.
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